International Journal of Strategic Property Management (2005) 9, 99—-109

SYSTEM FOR REAL TIME SUPPORT IN CONSTRUCTION
MATERIALS SELECTION

Edmundas Kazimieras ZAVADSKAS 1, Artiras KAKLAUSKAS 2, Audrius BANAITIS 2
and Vaidotas TRINKUNAS 2

L Department of Construction Technology and Management, Vilnius Gediminas Technical University, Saulétekio
al. 11, 10223 Vilnius-40, Lithuania
E-mail: Edmundas.Zavadskas@adm.vtu.lt

2 Department of Construction Economics and Property Management, Vilnius Gediminas Technical University,
Saulétekio al. 11, 10223 Vilnius-40, Lithuania
E-mail: Arturas.Kaklauskas@st.vtu.lt; Audrius.Banaitis@st.vtu.lt; Vaidotas. Trinkunas@st.vtu.lt

ABSTRACT. The significant part of the constructions’ value consists of construction materials price. With
the aim of using financial resources for the construction effectively, it is very important that well considered
and reasonable decisions should be made regarding the selection of construction materials. Most of all
construction on-line systems seek to find how to make the most economic construction decisions and es-
sentially these decisions are intended only for economic objectives. Construction alternatives that are under
evaluation have to be evaluated not only from the economic position, but also take into consideration
qualitative, technical, technological and other characteristics. Additionally, in seeking to facilitate the work
of decision-makers, computer technologies are used that operates according to particular models. These models
are based on special mathematical methods in order to facilitate decision-making and apply to a certain
decision area. In this article, the possibilities of applying methods for popular decision-making are analyzed
regarding the selection of construction materials.
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1. INTRODUCTION

The significant part of the constructions’
value consists of construction materials price.
Thus, when selecting construction materials,
it is very important that well considered deci-
sions should be made. Selection of necessary
construction materials and relevant suppliers
as well as booking and delivery terms is very
important reasons, which block the process of
construction [4].

Despite high costs of construction materi-
als, often an insufficient attention is being paid
to the process of construction materials selec-
tion [9]. After making the studies on the pro-
cess of the construction materials management,
it was established that an effective process of
construction materials management may im-

prove work efficiency 6-8%, increase goods
turnover, reduce an amount of materials pos-
sessing insufficient quality, diminish the num-
ber of both construction materials and partici-
pants of the materials management process,
improve work of suppliers, decrease the num-
ber of personnel, better evaluate discounts
depending on quantity purchased, and dimin-
ish waste that occur due to changes and de-
lays of the transactions [4, 9].

In order to solve the following tasks and
other ones, there were electronic systems for
construction materials commerce created in
the world. Due to constant change of informa-
tion technologies possibilities, however, only
the part of the opportunities provided by the
systems normally is in use. In this article, the
prerequisites for the creation of the model of
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e-commerce system for construction materials
are analysed. In addition, the model itself is
presented as well as the example of its
realisation.

2. THE ANALYSIS OF THE
ELECTRONIC COMMERCE SYSTEMS
FOR CONSTRUCTION MATERIALS

At present there are a good few of elec-
tronic business systems created for the con-
struction sector in the world. After the analy-
sis of these systems, it is necessary to single
out that their levels of integration into elec-
tronic business are very different, starting from
the simplest ones designed for acquaintance
with the systems of enterprise, and going to
the end with some large construction materi-
als’ databases or systems for intellectual co-
operation. The systems of e-business designed
for the construction sector are progressively
being created in Lithuania as well. However,
the possibilities provided by them are at the
initial stage of functional integration and in-
novation.

Internet had become the environment of
information and business. It gives great oppor-
tunities as well as many problems, the solu-
tion of which determines popularity of e-busi-
ness systems.

One of the root problems is a search of
proper information [7]. If we want to purchase
a suitable construction material, we can per-
form search in particular search systems. Se-
lecting one of the most popular search systems
Google and referring to phrase Construction
materials buy, we can receive about 7000 dif-
ferent Internet addresses. After the huge work
is done and all information presented is re-
vised, a customer can choose several suitable
systems in order to compare independently
both the prices and technical characteristics.

The other problem is a different user envi-
ronment in the systems [6]. Each e-business
system has different user environment, for
example, different navigation menu, distinct
processes of getting goods into groups, differ-
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ent mechanisms of information search, etc.

One more problem lies in the reduction of
repeated actions in different systems [5]. In
order to revise a huge amount of information,
often it is necessary to do the same routine
actions such as registration, data retrieval, etc.

With the aim to establish a general view
displaying construction materials selection in
e-commerce systems, the analysis of the main
systems of construction materials was carried
out. For this analysis, the systems were se-
lected as follows: BARBOUR INDEX PLC [3];
THE MCGRAW-HILL COMPANIES, INC. [13];
THOMAS REGISTER [17]; AEC INFOCENTER
[1]; UAB SAULES SPEKTRAS [16].

Following the results of the analysis men-
tioned above, the conclusion could be drawn
stating that the possibilities to look for con-
struction materials in the e-business systems
are well realised. If to choose proper construc-
tion materials, in many cases it is possible to
receive detailed characteristics determining the
material itself and its supplier as well. The
matter regarding analysis of the results, how-
ever, is not solved yet in the systems analysed.
Therefore, a potential buyer can face many
problems when he needs to choose an optimal
variant from several hundreds alternative con-
struction materials, considering various crite-
ria that describe a material. Probably, the best
solution should be the usage of an artificial
intelligence, which enables to save very much
time when making reasonable decisions.

Realisation of an artificial intelligence should
be based on human activity when selecting con-
struction materials from the rich list of the
alternatives proposed. Further, the solution of
this problem is being analysed, both taking into
account and evaluating the actions of a person
who makes decisions, particular mathematical
methods and models as well.

3. METHODS FOR THE ASSESSMENT
OF A CONSTRUCTION MATERIAL’S
EFFICIENCY

A decision-making process is related to the
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selection of construction materials. Different
participants of the decision-making process,
including owners, consumers, contractors, ar-
chitects, designers and others may aim at vari-
ous purposes. Their intentions can be related
to economical, technical and aesthetic require-
ments as well as to comfort and prestige de-
mands. Therefore for the construction
material’s selection, the methods that should
be applied are those are suitable to perform
tasks with several functional purposes.

The classification of the methods is fairly
miscellaneous. Classification is determined by
the large amount of the decision-making meth-
ods that could be successfully applied to the
different fields of a person’s activity. Zavadskas
[19, 15] carried out research and applied mul-
tiple criteria evaluation methods to engineer-
ing: the criteria of the game theory (Maximin
(Wald), Minimax, Maximax, Savage, Hurwicz,),
generalised criteria (additive, multiple,
combinative, efficiency function, technique for
order preference by similarity to ideal solution),
the methods of consecutive optimisation (deci-
sion compatibility/concordance, defining priori-
ties and selection of non-dominant versions) and
the synthesis methods as well.

Goicoechea [10] analysed the following meth-
ods of multiple criteria decision-making: util-
ity function assessment (Keeney); compromise
programming (Zeleny); Electre (Roy,
Duckstein); surrogate worth trade-off (Haimes);
multi-objective Simplex (Yu, Zeleny); method
by Zionts, Wallenius; Ariadne (Sage, White);
probabilistic trade-off development, Protrade
(Goicoechea, Duckstein) and goal programming
(Lee, Ignizio).

With the aim of defining the possibilities for
the application of different multiple criteria
evaluation methods to construction material’s
selection, the analysis of the methods was car-
ried out. This involved the analysis of Wald,
Maximax, Gurvits and Bayes, simple additive
weighting, technique for order preference by
similarity to an ideal solution, entropy, ana-
lytical  hierarchy  process, MAUT,
PROMETHEE, multiple criteria complex pro-

portional assessment and other methods.

The decision-making methods (Wald,
Maximax, Gurvits, and Bayes) are usually ap-
plied under indetermination conditions and can
be used in cases when a producer wants to
decide what material he will produce and a
supplier wants to choose a material to supply,
etc. When selecting construction materials
from the position of a customer, application of
these methods in many cases is impossible or
very complicated.

The weakness of a simple additive weight-
ing technique for order preference by similar-
ity to ideal solution and entropy methods lies
in their application, when the calculation re-
sults do not put across the real efficiency pro-
portion among the estimated alternatives. The
importance of criteria is defined with the help
of the entropy method and sometimes it does
not coincide with its meanings in practice.

We can also point out two main defects of
the analytical hierarchy process method.
Firstly, the establishment of a new non-domi-
nant alternative may generally cause some
uncertainty concerning two alternatives that
were set earlier. However, a more tangible
problem is motiveless transition to numbers
when doing an appropriate measurement. Af-
ter a careful analysis it is clear, that with the
help of this method we can successfully assess
alternatives by considering both the quantita-
tive and qualitative criteria. Nevertheless, it
takes much time for calculations even when
using computer technologies. In the case when
there are many alternatives, calculations can
become too complicated.

Demanded mutual independence of priori-
ties and the complexity of data processing limit
the possibilities while using the MAUT method.
A multiple criteria complex assessment method
is used for the analysis of both priority and
significance of different versions. Significance
and priority directly and proportionally depend
on the criteria system and criteria meanings
as well as the significance size. These details
of the principle of method operation are very
important when it is necessary to make a de-
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cision regarding selection of construction ma-
terials.

After the careful analysis, conclusions had
been drawn that the multiple criteria complex
assessment method created by Zavadskas and
Kaklauskas is the best one for selection of con-
struction materials. Reliability of the method
had been determined in other authors’ opin-
ions that carried out the analysis and submit-
ted other possibilities for the application of this
method [2, 11, 12, 18, 19, 20].

4. ARCHITECTURE OF CONSTRUCTION
MATERIAL’S DECISION SUPPORT
SYSTEM

There have been many different decision
support systems created all over the world [14].
All these systems have particular general prin-
ciples of operation, namely the architecture of
the systems, which include the main functions
and characteristics and can be presented with
the help of a general algorithm from a deci-
sion support system [8]. After evaluating the
results of decision-making methods’ analysis
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and the general composition principles of a
decision support system, the architecture of a
construction material’s decision support system
was presented. The scheme of this system’s
algorithm is shown in Figure 1.

Information necessary for a construction
material’s evaluation includes a database and
bases of both knowledge and models.

Experts have the possibility of determining
criteria and significances while multiple crite-
ria complex assessment method is used for
evaluation. To follow these facts, persons who
are responsible for decision-making or other
persons taking part in the decision-making pro-
cess can do some corrections.

In order to receive the necessary informa-
tion, a person who makes a decision will do so
with the help of computer technologies and
current information. By doing this, reports,
prognosis, recommendations and clarifications
on a situation can be presented. In addition, a
repeated process should be foreseen in the de-
cision support system when considering extra
circumstances and when the results have been
achieved.

Database Group or subgroup selection Informatiqn about the
Groups and subgroups of construction Initial rejection of versions results of interim stages
products of analysis

Information about criteria
Information about alternatives

lFinding—out of necessary model I

Parameters and

Auxiliary information
Information about significance of >
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Presentation of requirements for |15,
appropriate models application

prognosis

| Actions recommended l
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Information about interrelationship of

Determination of the most
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databases and the exercise of both
models and methods
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Model for alternative search
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ADDITIONAL
INFORMATION

Figure 1. Architecture of a construction material’s selection system
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5. GENERALISED THEORETICAL
MODEL OF DECISION-MAKING
SUPPORT SYSTEM FOR
CONSTRUCTION MATERIALS
PURCHASE

One of the most important conditions allow-

ing good functionality of e-commerce system
for construction materials is that the interests
of all the participants of the construction pro-
cess should be evaluated within the system.
Therefore, a reasonable mechanism is neces-
sary, which should distinguish particular objec-
tives and functions of different interested
groups. The theoretical model of e-commerce
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system for construction materials is created and
presented below in Figure 2.

The system’s model presented includes six
main parts, such as authorisations of users of
the system, database, knowledge base, base of
the models, requests and analyses of informa-
tion, results presentation.

According to the model presented and con-
sidering the objectives of users, at the begin-
ning of the work with the system four under-
lying groups regarding system’s users are be-
ing identified — sellers, brokers, system admin-
istrators as well as buyers. Each of these
groups involves the users possessing different
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Figure 2. Model of on-line system for construction materials selection
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purposes. For example, persons who express
their will to present information about construc-
tion materials on sale could be in a position of
sellers, and persons who want to receive infor-
mation about construction materials alterna-
tives proposed could be in a position of buyers,
and so on. The groups of users presented may
integrate different functions and users having
different aims. Besides, these consumers can
be divided into subgroups as well, for example,
general objective of the group of system ad-
ministrators lies in organisation of system work
so that the system should provide a practical
benefit for other users and it should be conve-
nient to use it, etc. However, various partici-
pants of this group perform different functions,
for instance, the main administrator of the
system takes care of technical possibilities of
the system while tutors deal with groups and
subgroups, select the criteria systems describ-
ing alternatives of construction materials, etc.
Rights are established with the help of
knowledge base. When applying an artificial in-
tellect, the amount of information provided is
limited. Moreover, there remains only what is
important in order to implement different aims
of users. The role of knowledge does not con-
fine itself strictly to the establishment of rights
in the system. There is information saved in
the knowledge base, which is designed to per-
form all intellectual functions of the system. It
could be an establishment of mutual relations
of information kept in database. Additionally,
it also could be succession of models usage,
regulation of additional information submission
and request. Work of the whole system is
organised with the help of this part.
Database carries a very significant weight.
Information should be protected so that it
should be easily processed and submitted. For
this purpose, the main database is divided into
the smaller ones, such as information about
groups and subgroups, criteria describing con-
struction materials, construction materials al-
ternatives, evaluation of experts, users of the
system and others. Various consumers fill the
database. This allows to noticeably increasing
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amount and quality of information, which is in
use for decision making to compare with simple
Internet sites where one or several users pro-
vide data.

The base of models consists of getting goods
into the groups, goods selection, significances
of criteria, multiple criteria analysis, level of
utility, submission of recommendations and
models of additional information. They define
the succession of the root functions’ implemen-
tation of e-commerce system for construction
materials. The succession of models application,
data selection to apply models and submission
of the results received during this application
depends on the user needs and is regulated in
knowledge base.

Additional data necessary for the work of
the construction materials system are indicated
within information receiving and processing.
Information received during this stage is fur-
ther processed with the help of knowledge base.
In the stage of results submission, the infor-
mation received determines further stages of
information processing. If it is necessary, the
user can repeat certain stages of information
processing.

6. CASE STUDY

Residents of a multi-apartment dwelling
wanted to change the windows of their apart-
ments. All windows of the apartments are of
the same dimensions. A consumer can perform
a search for alternatives from different suppli-
ers databases. This is possible since the forms
of data submissions are standardized at a spe-
cific level. Such standardization creates the
conditions for use by special intelligent agents
performing a search for the required construc-
tion material in various databases, and for gath-
ering information about them. Consumers
specify requirements and constraints (see Fig-
ure 3) and the OLSC system queries the infor-
mation of a specific window from a number of
online suppliers. Results of the search for spe-
cific windows are submitted in tables, which
may include direct links to a Web page of sup-
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CONSTRUCTION E-BUSINESS SYSTEM == Doors and windows ==

PRODUCTS SEARCH

Title Measure Description Search Word
Code Product code provided by manufacturer Phrase:
Title Name of product Phrase:
Manufacturer Name of product manufacturer Phrase:,
Distributor Name of product distributor Phrase:
Date Date of information input Phrase:
Pri L Price of product or material in Lt From:

riee without VAT T

0.
Description Brief description of product Phrase:
Profile colour Profile colour Phrase:

. Profile material (wood, aluminium,
Material plastic) Phrase:
Glass type (low-e glass, ordinary

Glass type glass, etc.) Phrase:
Colour of Glass colour (transparent, greenish, -
glass unit etc.) rase:
Filli f - -
g;alsnfuon“ Filling of glass unit (air, argon, etc.) Phrase:
Number of
chambers in Units Number of chambers in glass unit ~ Phrase:
glass unit
Height of

From:
window mm Height of window

To:
Width of rrom
window mm Width of window
Heat From:
conductivity fom:

Figure 3. Consumers specify requirements and constraints and the OLSC system queries information of
a specific window from a number of online suppliers

pliers. By the submission of such a display, the
multiple criteria comparisons can become more
effectively supported.

A presentation of information in different
types of windows in Web pages can be in con-
ceptual (digital, textual, graphical, photo-
graphic, video) form. Conceptual information
is needed to make a more complete and accu-
rate valuation of the window alternatives that
are being considered. Conceptual description of
the first alternative of window is presented in
Figure 4.

Residents are interested not only in the price
of windows, but in their quality as well. Since
the dwelling is near a noisy crossroad, sound
insulation of a window became an urgent pri-
ority. There is a tendency for regular increases
of the price for fuel, and winters are cold in
Lithuania and therefore all consumers give
greater importance to the thermal insulation
of windows. A guarantee period of windows is

also important, as are other factors. Five sup-
pliers (Hronas, Doleta, Roda, Alseka, Staliu
gaminiai) were found after making a search for
the required alternative windows and it was
found that they offered 9 alternative windows
(see Figure 5).

Decision making matrix formed in the sec-
ond stage, shows found alternatives. Based on
this decision-making matrix it was possible to
define the most efficient variant. Each crite-
rion goes together with its measurement unit
and weight. The magnitude of weight indicates
how many times one criterion is more signifi-
cant than the other, in a multiple criteria evalu-
ation of window refurbishment. The calcula-
tions revealed that the key factors that have
affected the efficiency of window refurbishment
are: cost (weight q;=1.0), heat conductivity
(qy=0.54), sound insulation (q3=0.21), guaran-
tee period (qg=0.12) and more.

The quantitative information presentation
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Figure 4. Conceptual description of the first alternative of window

involves criteria systems and subsystems, units
of measurement, values and the initial weight,
which fully define the provided variants. Quan-
titative information of windows is submitted in
the form of a grouped decision making matrix,
where the rows mean n windows under valua-
tion, and columns include quantitative infor-
mation. In this way, the system enables the
decision maker to receive varied conceptual and
quantitative information on windows from a
database and a model-base, allowing him/her
to analyze the above factors and decide on an
efficient solution.

Since the analysis of windows is usually
performed by taking into account economic,
quality, technical, technological, legal, social and
other factors, a model-base includes models
which enable a decision maker to carry out a
comprehensive analysis of the available vari-
ants and so make a proper choice.

While going through the purchasing deci-
sion process, a customer should examine a

large number of alternatives, each of which is
surrounded by a considerable amount of infor-
mation. Following on from the gathered infor-
mation, the multiple criteria analysis of win-
dows is then carried out (see Figure 6).

7. CONCLUSIONS

A potential buyer can face many problems
when he needs to choose an optimal variant
from several hundreds alternative construction
materials, considering various criteria that
describe a material. Probably, the best solu-
tion should be the usage of an artificial intel-
lect, which enables to save very much time
when making reasonable decisions.

After careful analysis of the assessment
methods, the conclusions were made that the
multiple criteria complex proportional assess-
ment method as created by Zavadskas and
Kaklauskas is the best one for a construction
material’s evaluation.
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Figure 5. Five suppliers were found after making a search of the required alternative windows
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Figure 6. Multiple criteria analysis of window alternatives and the

selection of the most efficient ones
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The authors proposed that the realisation
of a multiple criteria complex proportional
assessment’s method could be done according
to the algorithm scheme of the construction
material’s support system.

One of the most important conditions allow-
ing good functionality of e-commerce system
for construction materials is that the interests
of all the participants of the construction pro-
cess should be evaluated within the system. In
order to realise reasonable mechanism, the
theoretical model of construction e-business
system is suggested, which could be a basis for
creation and improvement of e-commerce sys-
tems for construction materials.
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SANTRAUKA

REALAUS LAIKO STATYBINIU MEDZIAGU IR GAMINIU PARINKIMO SISTEMA
Edmundas Kazimieras ZAVADSKAS, Artiiras KAKLAUSKAS, Audrius BANAITIS, Vaidotas TRINKUNAS

Didele statyby vertés dalj sudaro statybiniy medziagy ir gaminiy kaina. Norint veiksmingai naudoti statyboms
skirtus finansinius iSteklius labai svarbu, kad renkantis statybines medziagas ir gaminius biity priimami gerai apgalvoti
ir pagristi sprendimai. Siuo metu dauguma internetiniy elektroninio statybos verslo sistemy priima sprendimus,
siejamus su ekonomine nauda ir, savaime suprantama, tam naudojami ekonomin¢ nauda rodantys kriterijai. Taciau
norint priimti gerai pagristus sprendimus ekonominiy kriterijy nepakanka, taip pat reikia jvertinti kokybinius,
technologinius, techninius ir kitus kriterijus. Siekiant paprastinti sprendimus priimanciy Zmoniy darba reikia naudoti
pagal tam tikrus modelius veikianéias kompiuterines technologijas. Sie modeliai sukurti vadovaujantis specialiais
matematiniais metodais. Jie naudojami priimant sprendimus ir pritaikomi tam tikrai sprendimy sri¢iai. Siame
straipsnyje nagrinéjamos matematiniy sprendimo priémimo metody taikymo galimybés renkantis statybines medziagas
ir gaminius.



